
 

 
1(a)(i
) 

2TLM −  B1 
 1

Allow 2smkg −  

    (ii)  
γβα )LM()L()TLM()T( 12 −−=  

Powers of M:   0=+ γα  
             of L:   0=−+ γβα  
             of T:   12 =− α  
 

2
1

2
1 ,1, ==−= γβα  

 
B1 
M1 
 
 
M2 
 
 
A2 
 6

For 1LM −  
 
 
 
For three equations 
Give M1 for one equation 
 
Give A1 for one correct 

    (iii) γβαγβα σσ 2211 lkFlkF =  

22
1

212
1

1 lFlF −− =  

M1 
 
A1 

 
 
Equation relating 2121 ,,, llFF  

 OR βα lF  is constant M1
 F is proportional to 2l  A1

  
 
or equivalent 

 

N)(250
2.1
0.290 2

2

2

=

×=F  
 
M1 
 
A1 
 4

 

 (b)(i) 01.02
=

ω
π  

  πω 200=  
Maximum speed is πω 200018.0 ×=A  
                               )sm(3.11 1−=  

 
B1 
 
 
M1  
A1 
 3

 
 
 
 
 
Accept π6.3  

     (ii) Using )( 2222 xAv −= ω  
 

)018.0()200(8 2222 x−= π  
  m)(0127.0=x  

M1 
M1 
A1  
A1 
 4

 
Substituting values 

 OR 8)200cos(6.3 == tv ππ  M1
 when 785.0200 =tπ  A1
                  ( 001249.0=t ) 
 )785.0sin(018.0)200sin(018.0 == tx π  M1
    0127.0=  A1

  
Condone the use of degrees in 
this part 

 

PMT



 

 
2 (a) )10618.2(

104.2
2 6

6
−×=

×
=

π
ω  

Acceleration )or(
2

2

r
vra ω=  

                 310604.2 −×=  
Force is 322 10604.2105.7 −×××=ma  
            N)(1095.1 20×=  

 
B1 
  
M1 
 
  
M1  
A1 
 4

or )8.994(
104.2

108.32
6

8
=

×

××
=

πv  

 
 
 
 
M0 for mamgF =−  etc 
Accept 2020 100.2or109.1 ××  

  
(b)(i) 

Change in PE is )sin45.3( θ−mg  
By conservation of energy 

θ

θ

sin4.786.68

)sin45.3(
2

2
2
1

−=

−=

v

mgmv  

B1 
 
 
M1 
 
A1 
 3

or as separate terms 
 
 
 
Accept θsin87 gg −  

     (ii) 

43.3sin88.5
)sin4.786.68(05.0sin96.1

4
2.0sin8.92.0

2

−=
−=−

×=−×

θ
θθ

θ

R
R

vR

 

 
M1 
 
M1 
A1 
E1 
 4

 
Radial equation of motion (3 
terms) 
 
Substituting from part (i) 
 
Correctly obtained 

    (iii) When 21.18,40 2 =°= vθ  

Radial acceleration is )sm(55.4
4

2
2

−=
v  

Tangential acceleration is 40cos8.9  
                                     )sm(51.7 2−=  

 
M1 
 
A1 
 
M1  
A1 
 4

or maRg =−40sin2.0  
 
Accept 4.5 or 4.6 
 
M0 for 40cosmga =  etc 

    (iv) Leaves surface when 0=R  

 
°=

=

7.35
88.5
43.3sin

θ

θ  

M1 
 
M1 
 
A1 cao 
 3

 
 
 
 
Accept rad62.0,36°  

 

PMT



 

 
  3 (i) 

N)(2205

8.9128.0
15

=

×=×

λ

λ
 

 
M1 
 
E1 
 2

 

    (ii) 
 

)sm(45.51

128.9125
15

2205

2−=

=×−×

a

a
 

M1 
A1 
 
A1 
 3

Equation of motion including 
tension 
 
 
Accept 51 or 52 

    (iii) Loss of EE is )5.1837(5
15

2205 2
2
1 =××  M1 

A1 
Calculating elastic energy 

 By conservation of energy 

625.15
5.18378.912

=
=××

h
h  

 
 OA m)(375.420 =−= h  

M1 
F1 
  
A1 
 5

Equation involving EE and PE 

 OR 5.18371258.912 2
2
1 =××+×× v  M1

                                    25.2082 =v  
   H××−= 8.9225.2080  F1
 625.10=H   
 OA m)(375.415 =−= H  A1

 Equation involving EE, PE and 
KE 

   (iv)  )8.0(
15

2205 xT +=  

 

x
t
x

t
xx

25.12
d
d

d
d12)8.0(

15
22058.912

2

2

2

2

−=

=+−×

 

 
B1 
 
M1 
 
A1 
 
 
 
E1 
 4

or )( 0 xx
l

T +=
λ  

Equation of motion with three 
terms 

or 2

2

0 d
d)(

t
xmxx

l
mg =+−

λ  

provided that 0x
l

mg λ
=  appears 

somewhere 
Correctly obtained 
 
No marks for just writing 

2

2

d
d12

15
2205

t
xx =−  or just using 

the formula 
ml
λ

ω =2  

If x is clearly measured 
upwards, treat as a mis-read 

    (v)  
)5.3cos(2.4 tx =  

Rope becomes slack when 8.0−=x  

s)(504.0
8.0)5.3cos(2.4

=
−=

t
t  

 
M1 
A1 
 
M1  
A1 
 4

For )25.12sin(or)25.12cos( tt  
 
 
 
Accept 0.50 or 0.51 

 

PMT



 

 
4 (i) 

[ ] )
3

16(4d)4(d
2

0

2

0

3
3
12 =⎮⌡

⌠ −=−=∫ xxxxxy  

[ ] )4(2

d)4(d

2

0
4

4
12

2

0

2

=−=

⎮⌡
⌠ −=∫

xx

xxxxxy
 

 
75.0

4

3
16

=

=x
 

  
B1 
 
  
M1 
  
A1 
  
M1 
 
E1 

 
 
 
 
 
 
 
 
 
 
  
Correctly obtained 

 

[ ] )
15

128(8

d)816(d

2

0
5

10
13

3
4

2

0

42
2
12

2
1

=+−=

⎮⌡
⌠ +−=∫

xxx

xxxxy
 

 
M1 
 
 
A1 

 

 
OR ⎮⌡

⌠ −=∫
4

0
d4d yyyyyx  

  M1

 
4

0

2
5

15
42

3

3
2 )4()4(

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−−−−= yyy  A1

  
 
 
Valid method of integration 

or 
4

0

2
5

5
22

3

3
8 )4()4(

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
−+−− yy  

 
 

6.1
3

16
15
128

=

=y  
 
M1 
 
E1 
 9

 
 
 
Correctly obtained  
SR  If 2

1  is omitted, marks for y  
are       M1A0M0E0 

     (ii) 

91.0
25

75.22
5.65.612

75.25.675.05.6012

==

++
×+×+×

=x
 

 

832.0
25

8.20
25

6.15.66.15.6012

==

×+×+×
=y

 

M1  
M1 
 
A1 
 
 
M1 
 
 
A1 
 5

For 75.25.675.05.6 ×+×  
Using ( ) ∑∑ = mxxm  
 
 
  
Using ( ) ∑∑ = myym  

    (iii)  
 

°=

=
−
−

=

0.19

)
168.3
09.1(

832.04
91.02tan

θ

θ

 

M1 
M1 
 
A1 
 
 
A1 
 4

For CM vertically below A 
For trig in a triangle containing 
θ , or finding the gradient of AG
Correct expression for θtan  or 

)90tan( θ−   
Accept 0.33 rad 

 

PMT




